It has been demonstrated chemically that the iodine bound to proteins of the serum is predominantly composed of thyroxine (1) (2) (3) (4) . The concentration of this protein-bound or serum precipitable iodine (SPI) appears to be closely correlated with the activity of the thyroid gland (5) (6) (7) . It is probably the most precise clinical criterion of such activity that has yet been extensively employed. It is, therefore, generally conceded that SPI ordinarily represents circulating thyroid hormone. In studies of medically treated hyperthyroid patients, however, a number of values for SPI proved unexpectedly high in comparison with other measures of thyroid activity (5, 7) . Danowski and associates (8) (9) (10) reported that SPI of normal individuals and pregnant women rose after the administration of potassium iodide. It had also been discovered that certain iodine-containing compounds commonly used for diagnostic and therapeutic purposes formed combinations with the proteins of the serum and therefore were measured with SPI (11) . For these reasons it seemed desirable to examine more closely the nature of SPI and to find a more specific measure of circulating thyroid hormone.
Taurog and Chaikoff (4) utilized N-butanol to extract thyroxine-like compounds from serum. This solvent, originally employed by Leland and Foster (12) , can be freed from diiodotyrosine and inorganic iodine by means of an alkaline reagent suggested by Blau (13) . Taurog and Chaikoff (4) found that 73 to 93 per cent of the iodine of normal plasma behaved like thyroxine inasmuch as it remained in butanol extracts after these had been washed with Blau's reagent. Danowski and associates (8) (9) (10) compared the iodine extracted by butanol with SPI in the sera of normal individuals, pregnant women, and persons taking potassium iodide. The mean value for iodine extraced by butanol in the sera from 23 healthy males and nonpregnant females and 21 pregnant women amounted to 69 per cent of SPI (10) . In five normal persons the ratio, butanolextractable iodine (BEI): SPI varied from 0.65 to 0.82 (8) . BEI remained unchanged after the administration of potassium iodide, but both SPI and inorganic iodine increased (8, 9) .
By a simplification of the procedure of Taurog and Chaikoff (4) (4, 13) .
Reagents for digestion, distillation and colorimetry of micro SPI procedure (6 After centrifugation the butanol is siphoned into a second centrifuge tube through a glass tube of such short length and small diameter as to prevent loss of butanol. To the precipitate in the original tube are added 4 cc. of butanol. Before tightening the stopper, excess vapor in the tube escapes through the vent. After vigorous shaking the stopper is removed cautiously to prevent loss of butanol. When the mixture has been centrifuged for five 531 minutes the second portion of butanol is siphoned into the tube containing the original butanol extract. A third portion of 3 cc. of butanol is added to the precipitate. Shaking, centrifugation for 10 minutes and siphoning are repeated as for the second extract.
To the combined three portions of butanol is added an approximately equal volume of 4 N. sodium hydroxide containing 5 per cent sodium carbonate. After vigorous shaking the stopper is removed cautiously to prevent loss of butanol. The mixture is centrifuged at 2,000 r.p.m. for at least 12 minutes.
The lower layer of alkali is then removed by suction or siphoning through a tube of small diameter equipped with a stopcock which permits the tube to be inserted through the butanol layer for the removal of the alkali without admitting any butanol in the tube. Two additional extractions with the alkaline reagent are performed in a similar manner. Finally, a fourth portion of the reagent is added. After shaking, the layers are either contrifuged or allowed to separate overnight.
The butanol is drawn, with suction, into an iodine digestion flask (6) . When all but a one-quarter inch layer of butanol has been removed, the ground glass stopper is held above the centrifuge tube and washed with 3 to 4 cc. of butanol. This final portion of butanol is then added to the flask containing the original extract. These final 3 to 4 cc. of butanol permit the removal of most of the thin butanol layer remaining after the first suction without admission of any of the alkali and also wash the original butanol extract from the inside of the siphon tube.
The butanol is then evaporated to dryness in a boiling water bath with suction applied through wide glass tubes inserted in the necks of the flasks. The (14, 15) and Rall (3) to extract thyroxine from an alkaline extract of thyroid gland. In the actual determination no brom phenol blue is used since it has been found that addition of 0.2 cc. of 10 per cent sulfuric acid gives the correct pH with 1 cc. portions of serum.
In Taurog and Chaikoff's (4) method the 45 cc. of butanol extracts of 3 cc. of plasma were washed with 50 cc. of alkaline reagent in separatory funnels. Decrease of the volume of 1 cc. of serum permits centrifugation and reduces the time required to layer the solutions. Preliminary separation of the organic from the inorganic iodine in serum by washing the precipitated proteins and using the washed precipitate is not necessary in this method. Values obtained by extracting untreated serum were the same as those obtained by extracting the washed zinc hydroxide precipitate of the same serum. For example, BEI's obtained from untreated serum were 7.2 and 7.3 gamma per cent, whereas BEI's obtained from the washed protein precipitate of the same serum were 7.8 and 6.9 gamma per cent (average 7.3 gamma per cent).
RESULTS
Recovery of thyroxine. Thyroxine, diiodotyrosine and inorganic iodide were added to butanol or to sera. The quantities of thyroxine added were of the magnitude that might be expected in sera from normal subjects or patients. The mixtures were then analyzed for BEI by the method described above. The sera were also analyzed by the same method before the additions. The results of these experiments appear in Table I . Multiple measurements were made to ascertain the extent of analytical variation.
Of thyroxine added to butanol in aqueous solution (Experiments 1 to 4) 93 to 102 per cent was recovered. When thyroxine was added to sera (Experiments 5 to 8), the increment recovered amounted to 88 to 103 per cent of the thyroxine added. The addition of large amounts of diiodotyrosine (Experiments 4 and 10) or a massive quantity of inorganic iodine (Experiment 9) did not affect these recoveries. Both diiodotyrosine and inorganic iodine appeared to be quantitatively removed by the washing with alkali. It had been shown earlier ( 16) that a fraction of diiodotyrosine adheres to protein, which is not removed by the method of washing employed in the measurement of SPI.
Although recoveries have been expressed in terms of per cent, there is nothing in these experiments to indicate that any precise fraction of thyroxine is recovered or lost. The differences between theoretical and analytical values in no instance exceed analytical errors; nor are they pro- Table V was evaluated by a clinician when the blood was drawn. These evaluations have been used to classify the condition of these patients who were receiving medication for hyperthyroidism into the hyper-, hypo-, and euthyroid groups. In many instances only the final clinical impression has been included in the patient's history so that it is impossible to include notes on pulse, tremor, texture of skin and hair for every determination. After classification of clinical status the values for SPI and BET were entered in the table.
All three patients who were still hyperthyroid according to pulse, tremor, etc., had SPI's and BEI's above the euthyroid range. Eight values on patients with mild hyperthyroid symptoms were above the normal range for SPI and BEI with one exception in each type of iodine determination. Eleven measurements on hypothyroid and questionable hypothyroid subjects were above or within the normal range for SPI, except for B57397, but below or at the lower limit of the range for BEI with one exception, B92499. The hypothyroid symptoms of B92499 were not classical and her serum cholesterol of 214 mg. per cent is compatible with euthyroidism. Elevation of serum cholesterol to values between 398 and 584 mg. per cent confirmed the diagnosis of the patients classified as definitely hypothyroid. Of the 30 measurements when patients appeared euthyroid, 25 BEI's were between 3.1 and 7.1 gamma per cent, but only 14 SPI's were between 3.8 and 7.8 gamma per cent. The BEI, therefore, appears to be a more accurate measure of thyroid activity than the SPI.
This conclusion is verified but is not as obvious in the values of the last group of Table V where are listed 11 values on four hyperthyroid patients who were pregnant and one value on B94697 two days postpartum. Except on two occasions of thyroid overactivity (98175) these patients appeared to be euthyroid. In euthyroid pregnancy the SPI is elevated to 6.0 to 10.0 gamma per cent (17) . The (8, 9) are in agreement with our conclusion that the presence of inorganic iodine in serum would not in itself cause the elevation of SPI above the BEI of patients taking inorganic iodine.
It seems rather that when inorganic iodine is taken, some iodine-containing compounds in addition to thyroxine are included in the SPI. This hypothesis depends on the observation that the metabolic status of patients correlated more closely with the value for butanol-extractable iodine than with that of the SPI. Our data give no evidence of the exact chemical composition of the noncalorigenic iodine compounds included with the SPI. Diiodotyrosine is a suspect since it has been demonstrated that this compound is not entirely removed from serum proteins in the procedure for the determination of SPI (16) . Monoiodotyrosine and other organic compounds containing iodine may have similar affinities for the proteins (15, (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) .
Obviously SPI may give falsely high values for circulating thyroid hormone in patients who are receiving inorganic iodine. The conclusion has been drawn that a SPI as high as 8.0 gamma per cent is compatible with euthyroidism, although the average value for normal subjects is 5.4 gamma per cent. Engstrom and coworkers (7), in a critical analysis of the SPI of 139 hyperthyroid patients under medical treatment, found that SPI agreed with clinical criteria in 119, or 86 per cent. Discrepancies were encountered most frequently when patients became slightly or frankly hypothyroid (5) . In these cases SPI did not fall below 4 gamma per cent.
Investigations are continuing to ascertain whether, as seems probable, BEI is a more accurate measure than SPI of circulating thyroid hormone.
The artifactual high values of SPI produced by priodax are also found in BEI. CONCLUSIONS SPI and butanol-extractable iodine (BEI) differ by no more than 2.0 gamma per cent in normal persons, pregnant women, and persons with thyroid disorders who are untreated or receiving thyroid. SPI usually exceeds BEI by an average of 0.6 gamma per cent.
In patients who have received inorganic iodine, SPI frequently exceeds BEI. The BEI seems to be more consistent than SPI with other criteria of the clinical status of such patients.
